the vicinity of the conduction band and on those located in the vicinity of the allowed energy levels of the atoms of the main crystal. Impurity conductivity is determined by dielectric permittivity formed by the induced electric dipole moments of negative ions.
Introduction
Nano-electronics is developing at a particularly rapid pace. This progress became possible after р-and n-conductivity 1 had been discovered in semiconductors featuring a wide enough band gap with the allowed energy levels. Semiconductor plates not exceeding 100 μm in width are cut from a crystal in plane (111). The conductivity of n-type is obtained using various techniques, by introducing atoms of boron, tellurium, gallium or indium into the body of a plate. The conductivity of р-type is created when atoms of arsenic, phosphorus or selenium are introduced into the body of a semiconductor material. The action of the external electric field on n-and p-conductivity has been considered, for the most part, qualitatively. The quantitative substantiation of the phenomenon in terms of electronic theory was sufficiently performed in the 70s of the last century (Gretchikhin & Lenets, 1972) .
The results could be put to practical use and, therefore, microelectronic engineering has been developed so far, for the major part, experimentally.
Advances in nanotechnologies resulted in a dramatic development of new techniques related to micro-and nano-electronics. In connection to this, there appeared an urgent need to understand what happens in the process of micro-and nanostructures formation. Former concepts based on the electronic theory of Drude-Lorentz-Sommerfeld do not reflect the true state of things. New approaches are necessary. In this regard, former physical concepts have already being rethought now. In his time, Nikola Tesla, as an alternative to the electronic theory, suggested electric and magnetic phenomena to be considered in terms of electromagnetic fields interaction. Nikola Tesla's ideas in electrodynamics were systematically developed in the following works: (Gretchikhin, 2008a) , (Gretchikhin, 2016) , (Gretchikhin, 2004) and (Gretchikhin, 2008b) . However, so far, there has been no clear physical basis for the occurrence of p-and n-conductivity at atomic-molecular and cluster levels since the following fundamental directions remain unclear:
It is not clear why introducing various impurities into a semiconductor makes it possible to obtain р-or n-conductivity.
It is unclear what qualities, along with valence, introduced atoms should possess to ensure р-or n-conductivity. 2. What does chemical potential represent and why it should be located in the middle of the band gap.
All the above directions are clear in a quantitative sense under the assumption that the chemical potential in semiconductors is located in the middle of the band gap. Therefore, it is very difficult to hope for a clear understanding of nano-technologies or their wide and effective applications in daily practice until a rigorous theory of p-and nconductivity which offers profound explanation of the phenomena at atomic-molecular level with further transfer onto nano-level has been developed. In this regard, it is vital to set the following goal: to develop a profound explanation of р-and n-conductivity taking into account the latest achievements of experimental and theoretical physics at the nanolevel and with a firm rejection of the electronic theory. To reach the goal, it is essential to solve the following problems:
-to provide a rigorous explanation of the crystal structure of semiconductors; -to provide an explanation of how р-and n-conductivity are formed; -to provide an explanation of the temperature dependence of р-and n-conductivity; -to ascertain how р-and n-conductivity behave under the action of external electric fields; -to find out the essence of semiconductor conductivity based on new physical concepts; Let us consider, one after another, these problems.
Structure of the Semiconductor Surface
In the case of silicon and germanium, the papers (Gretchikhin et al, 2015a) and (Gretchikhin, 2004) provide a theoretical explanation of their crystal structure and present the valence electron distribution in the first Brillouin zone. The paper (Gretchikhin et al, 2015a) presents the crystalline structure appearing on the surface taking into account the cluster structure of the condensed state; the following binding energies have been determined in the paper:
1. Binding energy when forming diatomic and triatomic molecules of silicon. 2. Binding energy among triatomic molecules of silicon within cluster structures. 3. Binding energy among silicon clusters in the intercluster lattice structure with a due explanation of the melting temperature.
In order to verify theoretical calculations, the silicon surface was carefully investigated my means of a tunneling microscope. Figure 1 show a scanned silicon surface with an adhesion cell, filled with atoms and molecules of other elements, marked with a triangle. The theoretically calculated silicon surface shows agreement with the experimental data for all parameters of the design: in shape and in size of triatomic molecules on the silicon surface (Gretchikhin et al, 2015a) .
Therefore, the Si(111) silicon surface is formed by triatomic molecules Si 3 with the radius of 2.122 Å (Gretchikhin et al, 2015a) , accompanied by the formation of column-like gaps of 8.1 Å. Valence electrons in the crystalline state form a cloud which obeys the FermiDirac distribution law. Figure 2 presents the results of the distribution calculated for silicon (Gretchikhin, 2004) . The Fermi level of the silicon crystal possesses the energy of 2.49 eV. There are four allowed energy levels in the band gap; the levels feature the following values relative to the bottom of the conduction gap: 0.84; 1.03; 1.38 and 2.04 eV.
When neutral atoms are introduced as impurities onto the Si(111) surface of a silicon crystal they are located in places with the maximum binding energy. For instance, it has been proved experimentally that indium applied onto the silicon surface results in adhesion occurring on the surface between column-like gaps. The adhesion occurring between column-like gaps is formed by three triatomic molecules of silicon with close packing, marked with a triangle in Figure 1 . Flat indium clusters consisting of three diatomic molecules are precipitated (Gretchikhin et al, 2015b ). When such a cluster interacts with the silicon surface, the cluster and, at the same time, the molecules are deformed substantially. As this takes place, each atom independently interacts with the electron cloud of the valence electrons of the silicon crystal and with the ions of the crystal lattice. This situation with a complete filling of the silicon surface with indium atoms has been proved experimentally and is presented here in Figure 3 . The emission properties are determined by individual atoms. A similar structure of atom arrangement on the silicon surface must be realized for other substances introduced into the silicon crystal.
Let us consider in detail the process of interaction of neutral atoms of different elements with the electron cloud of the first Brillouin zone of a silicon crystal, and find out what phenomena may occur in the process.
Formation of р-and n-Conductivity
The atoms embedded in the crystal structure must carry an excessive positive or negative electric charge to create an induced electric moment and, therefore, to participate in the conductivity of electric current. In this case, there may be positive ions created due to the ionization of neutral atoms, or negative ions in case of neutral atoms possessing a noticeable electron affinity. Table 1 presents the main parameters of the elements introduced into the silicon crystal to organize p-or n-conductivity. It follows from Table 1 that the process of ionization in the silicon crystal is practically impossible under normal conditions because of a high ionization energy. Therefore, the atoms of various elements cannot remain in the form of positive ions on the surface of the silicon crystal. A different situation arises when atoms possessing electron affinity other than zero are introduced into silicon. Such atoms are able to stay on the crystal surface in the form of negative ions which possess affinity energies within the band gap of the silicon crystal. demonstrates, as an example, the principal energy band diagram in the case of boron and arsenic introduced into the silicon crystal. Boron and arsenic possess the ionization energies of 8.3 eV and 9.82 eV and, accordingly, are located in the vicinity of the electron density distribution maximum of the first Brillouin zone of the silicon crystal ( Figure  2 ). Since these atoms possess electron affinity energy, they freely capture electrons from the first Brillouin zone of the silicon crystal and are turned into negative ions with further transition to the band gap where they permanently stay in the form of negative ions, regardless of various external influences. This process presents an obvious and fundamental fact. (Gretchikhin et al, 2015a) . In this case
As the sizes of boron and arsenic atoms are known to be less than 3 Å, then a part of the atoms will be captured by the gaps, and a certain share of the part may not participate in the thermal emission of electrons. The sizes of gallium and indium atoms exceed 3 Å. Therefore, these atoms will be located on the silicon surface and will fully participate in the thermionic process. Then, it follows from Figure 5 that the maximum concentration of introduced impurities (boron as well as arsenic) in the form of monolayer will amount to: . In accordance with the Maxwell-Boltzmann distribution law, the negative ions of boron and, correspondingly, those of arsenic, will supply electrons to the conduction band due owing to thermionic emission. This process should last continuously until the electric field strength created by the electric dipole of silicon compensates the thermal emission of electrons from the negative ions of impurities. Thermionic emission is determined as follows (Gretchikhin, 2008a) :
where γ is the number of emission centers per unit of the surface area 2 ; е is the electron charge; m e is the electron mass; r a is the radius of the emitted particle; k b is the Boltzmann constant; and ЕА is the electron affinity energy.
In case of boron, the electron flow resulting from the thermionic emission is compensated by the reverse flow of electrons created by the electric field arising between the valence band and the conduction band, forming this way an electric dipole, while in case of arsenic an electric dipole moment occurs between the valence band and the level of its negative ion. Then, on the basis of the dimensional analysis, it follows that: Table 2 presents the results of the calculations for the elements featuring small affinity energies only. Each line of Table 2 shows the limit values of the temperature polarization which ensures complete compensation of the affinity energy of the introduced impurity. At the temperature polarization limit value, the conductivity of a semiconductor transforms into the conductivity peculiar to metals.
In case of arsenic, phosphorus or selenium, the heating of the silicon substrate to the melting point can be ignored since these elements possess quite high affinity energy that is quite large (Table 1) ; these elements feature the temperature polarization limit values much higher than the melting point of silicon (1688 K). Now let us consider the effects of external electric fields on n-и pconductivity. 
Action of Electric Fields on n-and p-Conductivity
An external electric field applied to a semiconductor with its surface containing impurities results in appropriate polarization of negative ions. Polarization energy will strengthen or weaken the impurity atom affinity energy depending on the direction of the applied field. If the electron affinity energy is known, then the energy under question can be represented as a model of a hydrogen atom with the effective charge and the radius of the negative ion, namely: 
The radius of the negative ion practically does not differ from the radius of the neutral atom (Gretchikhin & Kamarouskaya, 2016) . Therefore, given the affinity energy, (4) determines the effective charge of the negative ion. For the negative ion of boron, the value equals to 0.0224 while for arsenic it equals to 0.0762. Let us apply this model to analyze the action of an external electric field on the negative ion. Under the action of an external electric field, the negative ion is polarized and then the interaction force between the external field and the valence electron of each particle of the substance must be compensated by a change in the internal binding forces of the valence electron with the effective charge of the particle. Therefore (Gretchikhin, 2008a) , 
where ∆r i is the displacement of the charge cloud of the negative ion relatively to its center. Based on equations (4) and (5), the following expression for the displacement of the charge cloud is derived:
The work done for the polarization:
Based on (4) - (7), the following value of the effective electron affinity for the negative ion is derived:
Finally, the thermionic current density (2), while taking into account (8), equals to: ). (9) It follows from Figure 4 that the applied external electric field affects the negative ion affinity levels in different ways. When an external electric field is applied in the direction from the valence band to the conduction band, the energy affinity levels in the vicinity of the conduction band increase and the thermionic current decreases while the energy affinity levels in the vicinity of the valence band decrease and the thermionic current, in contrast, increases. The change in the direction of the applied external field results in a reverse direction of the thermionic current.
Impurities in semiconductors induce dipole electric moments while their concentration determines the change in the dielectric permittivity of semiconductors with impurities. This phenomenon, in turn, affects the conductivity of semiconductors.
Impurity Conductivity of Semiconductors
As an alternative to considering electric current as a movement of electric charges, Nikola Tesla proposed to consider it as a propagation of electromagnetic waves. In these terms, the energy transferred by electromagnetic waves is determined by the Poynting vector:
where E  is the electric field strength and H  is the magnetic field strength.
In the absence of charges, according to the Lorentz equation, the electric field strength and the magnetic field strength in an electromagnetic wave are related by the following equation: When an electromagnetic wave propagates along a semiconductor, the electric field on the surface has tangential and normal components. Then Poynting vector becomes as follows:
where  E and n E are the components of the electric field strength along the conductor and normal to its surface. The first term is due to the current conductivity determined by the Joule-Lenz law and Ohm's law while the second term is formed by the bias current which appears on the semiconductor surface and determines the transfer of electromagnetic field energy along the semiconductor (Gretchikhin, 2008b) . Since the energy densities of the electric and magnetic fields are equal, it follows from (12) that n E E   on the semiconductor surface. Therefore, the resulting electric field strength of the electromagnetic wave is directed at an angle of 45 0 relative to the semiconductor surface (Gretchikhin, 2008b) .
Let us consider an electric current I flowing through a semiconductor with a circular cross section of radius r and length l . 
For conductors, the linear relationship between current and voltage was established by Gustav Ohm and represents Ohm's law. Ohm's law is also valid for semiconductors. The difference lies in the different definition of relative permittivity and different manner of the interaction between the external electric field and the internal electric fields determined by the presence of induced and internal electric dipoles. Based on (13), the tangential component of the resistivity in case of propagation of electromagnetic waves through a semiconductor is derived as follows:
For most materials including semiconductors μ r ≈ 1 and so the resistivity is inversely proportional to the square root of the relative dielectric permittivity of the medium ( It follows from the general definition of the electric displacement vector that:
where summation is performed over all electric dipole moments built-in and induced within the volume of V  while n i is the concentration of the built-in and induced electric dipole moments, and р э,i is, correspondingly, their electric dipole moment. In most cases, the relative permittivity exceeds unit substantially. Then 
It is known that impurity conductivity far exceeds the intrinsic conductivity of semiconductors (Gretchikhin & Lenets, 1972) . Therefore, impurity conductivity of semiconductors is determined only by the concentration of the introduced impurities while the value of resulting induced electric dipole moment is as follows:
where   is the potential difference applied to the monolayer of impurity atoms, 0 , a n is the concentration of impurity atoms in the surface layer. (2) Based on (14) - (17), it is possible to completely determine the resistivity of a semiconductor with impurities. When determining the resistivity, normally the pills with a diameter of 1 cm and thickness of 3 mm are used. Figure 6 presents the results of the calculations, using such pills, for silicon with maximum concentrations of boron and arsenic impurities at the surface.
For metals, the resistivity amounts to 10 -7 -10 -8 Ω·m. Under an external electric field directed from the valence band to the conduction band, silicon with introduced boron acquires the conductivity inherent in metals when the potential difference at the contact boron-silicon reaches ~ 0.5 V. Silicon with introduced arsenic acquires the "metal" conductivity when the potential difference at the contact arsenic-silicon amounts to ~ 1.1-1.2 V.
It follows from Figure 6 that the lower the affinity energy of the introduced impurity is, the more the specific resistance varies depending on the value of the applied external electric field. As the applied electric field increases, the impurity conductivity tends to decrease linearly, or the resistivity tends to increase logarithmically along the ordinate axis, that is, the exponential dependence of the resistivity versus the applied external electric field becomes clearly recognized.
Conclusion
Summarizing the proposed alternative model for impurity conductivity occurring in semiconductors, we here formulate its main features:
1. In the band gap of a semiconductor, the energy position of the negative ions of impurity atoms is considered instead of considering the chemical potential relative to which the impurities are distributed.
2. The ionization of impurities distributed mainly on the crystal surface occurs not due to weakening the ionization energies because of high dielectric permittivity inside the crystal, but as a result of resonance electron capture from the Fermi-Dirac density distribution by neutral atoms possessing electron affinity.
3. Owing to the Boltzmann law, the energy levels of negative ions in the vicinity of the conduction band supply electrons to the conduction band. In this case, electric dipole moments are formed between the valence band and the conduction band, while the concentration of negative ions remains constant.
4. Resonance exchange of electrons occurs from the energy levels of negative ions in the vicinity of the allowed terms of the atoms of the main crystal accompanied with a formation of an electric dipole moment between the valence band and the allowed energy levels within the band gap of the main crystal. At the same time, the transition of electrons to the valence band from these energy levels is parity-forbidden.
5. Silicon crystal is formed by triatomic molecules. The structure of the silicon surface is considered and it is shown that the adsorption of impurities occurs in the region where the maximum surface density of silicon molecules is realized.
6. It is shown how the energy band diagram of n-conductivity and pconductivity is formed and the potential differences due to the temperature polarization of impurity atoms are determined.
7. An applied external electric field acts oppositely on the impurities located in the vicinity of the conduction band and on those located in the vicinity of the allowed energy levels of the atoms of the main crystal.
8. Impurity conductivity is determined by dielectric permittivity formed by the induced electric dipole moments of negative ions but not by the electric dipole moments of the particles of the main crystal.
